ABSTRACT. The aim of this study was to analyze the relationship between environmental and genetic values for milk production and type traits in Holstein cattle in Brazil. The genetic value of 65,383 animals for milk production and 53,626 for type classification were available. Socioeconomic and environmental data were obtained from the Brazilian Institute of Geography and Statistics, the Food and Agriculture Organization of the United Nations, the National Aeronautics and Space Administration, and the National Institute of Meteorology. Five to six clusters were generated for each of the groups of type traits and production levels. The relationships between these traits were assessed using the STEPDISC, DISCRIM and CANDISC procedures in SAS ® . Traits within the clusters behaved differently, but, in general, animals with lower genetic values were found in environments that were more stressful for animal production. These differences were mainly associated with temperature, humidity, precipitation and the Normalized Difference Vegetative Index. Genetic values for milk 9807 ©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 13 (4): 9806-9816 (2014) Georeferenced genetic patterns for Holsteins in Brazil production showed best discrimination between different environments, while type traits showed poor discrimination, possibly because farmers mainly select for milk production. Environmental variations for genetic values in dairy cattle in Brazil should be further examined.
INTRODUCTION
According to the Food and Agriculture Organization of the United Nations (2013), there were nearly 1.5 billion cattle worldwide in 2010. Brazil ranks fifth in the world for milk production, producing 31 billion liters in 2011. The Brazilian cattle herd reached 209.5 million in 2010 according to the agricultural census (IBGE, 2010) . The Holstein is the main milkproducing breed worldwide, with approximately 70% of milk production in Brazil coming from this breed and its crosses (Alvim et al., 2005) .
Selection in dairy cattle production in Brazil has focused on milk production (Costa et al., 2008) , but many countries have also incorporated other traits into their selection indices to increase the health and welfare of animals. Costa et al. (2009) stated that production during lactation has been used as the basis of genetic evaluations of cows and bulls in Brazil, but only larger farms are suited to take advantage of these genetic evaluations. Gabbi et al. (2013) studied milk production in the tropics and found that feeding strategies, except salt supplementation, as well as monthly milk production, herd size, number of lactating cows in farm and unstable milk frequency were important discriminant variables for determining cluster formation; however, productivity did not vary between clusters. To compete on the international market, Brazil should adopt technological changes and increase production efficiency and quality. According to Barcellos et al. (2011) , organizing information and access to technological advances is essential for guiding farmers, enabling them to manage their businesses and achieve higher levels of productivity and quality.
Environmental variables are important factors affecting milk production. Holderegger and Wagner (2006) proposed combining genetic information from populations with data from an environmental structure. According to Storfer et al. (2007) , the genetic landscape explicitly quantifies the effects of landscape composition, configuration and matrix quality on gene flow and spatial genetic variation. Most of these studies use molecular data (Manel et al., 2003) , while few have used breeding values to study spatial environmental variation.
In dairy cattle, animals of high genetic value reared in the country and animals from breeds of European origin adapted to the stressful conditions found in Brazil are generally unavailable (Silva et al., 2002) . To overcome this, farmers use alternatives such as breeding with semen from animals selected abroad (Costa, 2013) . Thus, genetic patterns in Brazil are not expected to correlate with the environments in which these animals are reared. Through the landscape genetic approach, environmental characteristics that influence the structure of genetic variation in breeds can be examined. Because of the importance of milk production in Brazil, it is necessary to study the characteristics that make up the landscape, along with the socioeconomic characteristics, so that producers can improve herd quality. In this study, we analyzed the relationship between environmental and socioeconomic conditions, genetic merit and type traits to determine their influence on milk production in Holstein cattle in Brazil.
MATERIAL AND METHODS
The data available included the genetic value of 65,383 animals for 305-day milk and 53,626 type classifications from the Brazilian Association of Holstein Cattle Breeders. Brazil uses the Canadian standard linear classification system for Holstein cattle. Genetic values for these scores were estimated as described in Costa et al. (2009) .
Each trait was scored on a scale of 1 to 9. These values describe the degree of the trait rather than its desirability. Groups of traits and their weights in the final score (FS) were dairy form (12%), conformation (18%), feet and legs (20%), mammary system (8%), rump (10%), front udder (14%), and rear udder (18%). Details can be found in Valloto and Ribas Neto (2010) . The traits examined were as follows: ST, stature; TL, top line; WE, weight; CW, chest width; BD, body depth; LS, loin strength; RA, rump angle; RW, rump width; FA, foot angle; BQ, bone quality; SV, side view of rear legs; FU, fore udder attachment; FT, fore teat placement; TL, teat length; RH, rear udder height; RW, rear udder width; RT, rear teat placement; UD, udder depth; UT, udder texture; UC, udder cleft; and AN, angularity.
Environmental and economic data in the study were obtained from different sources: Table Annex. • Human Development Index (HDI) from United Nations Development Programme (UNDP, 2013).
• Temperature and Humidity Index, THI: calculated from the data of temperature and humidity using the following formula: THI = Ta + (0.36 x To) + 41.5 -where Ta is the dry bulb temperature and To is the dew point temperature.
Clusters were generated for the type classification groups [final index (FI), dairy character, conformation, feet and legs, mammary system and milk production] using the PROC FASTCLUS of SAS ® (Statistical Analysis System, v.9.3, Cary, NC, USA). The clusters formed were spatialized in the ArcGIS 10 software. Analysis of variance was carried out to determine which socioeconomic and environmental characteristics differed between clusters. Discriminate analyses between clusters were performed using the procedures STEPDISC, DISCRIM, TREE, DISTANCE, CANCORR, and CANDISC in SAS ® v. 9.3.
RESULTS
Generally, five to six clusters per group of characteristics were formed (Table 1) . Within each group, the mean values of the different genetic characteristics varied. In general, clusters 5 and 6 showed the highest values for the characteristics and clusters 1 and 2 showed the lowest values for the same characteristics.
Characteristics linked to pasture quality and thermal comfort were the most important ST = stature; TL = top line; WE = weight; CW = chest width; BD = body depth; LS = loin strength; RA = rump angle; RW = rump width; FA = foot angle; BQ = bone quality; SV = side view of rear legs; FU = fore udder attachment; FT = fore teat placement; TL = teat length; RH = rear udder height; RW = rear udder width; RT = rear teat placement; UD = udder depth; UT = udder texture; UC = udder cleft; AN = angularity; FS = final score; MP = milk production. The number of goats and buffaloes in the region was also important. This is related to the fact that both are used for milk production and they require similar milk processing plants and distribution networks.
Higher genetic values for milk production were associated with regions with more planted crops (including pasture) and animals, larger farms and less natural forest, shrub as well as rivers and lakes not protected by natural forest or shrubs. They were also related to regions with a higher Human Development Index. Farmers generally contracted their own advisory services rather than used that provided by cooperatives and non-governmental organizations.
The separation of clusters by discriminant analysis for conformation clusters generally showed a rating of less than 50% of municipalities correctly classified within their cluster of origin (Table 3) , with the best classification for milk production (>50%). Spatial clusters per group are shown in Figure 1 . Minas Gerais, São Paulo, Paraná, Rio Grande do Sul and Goiás states showed both the highest and lowest values for each feature, highlighting the differences in environmental characteristics between the clusters of genetic values (Table 4) . Clusters formed ranged from the lowest (1, 2, 3) to highest (4, 5, and 6) genetic values within each group of type traits and milk production. For example, the cluster with the highest genetic merit for milk production (cluster 5, Table 2 ) showed lowest average and minimum temperatures, as well as lower thermal amplitude variation during the year and higher precipitation. Genetic values for type traits were highly influenced by climatic and geographical features. In general, animals with higher genetic values were found in regions with better environmental conditions (Table 4) .
Overall, the canonical analyses (Figure 2 ) confirmed the results shown in Table 4 , linking the values of each environmental characteristic with distinct clusters generated for each type section and for milk production.
DISCUSSION
The THI was important in separating conformation, mammary system and milk and reinforcing the analyses above, where the most important variables were related to climatic factors. This ratio directly influences the quality of the pasture and the animal's body temperature. Precipitation was considered an important feature in the separation of the mammary system, dairy form, final score and milk production. This directly affects the quality of the pasture and the air temperature on the farm where cattle are reared.
When Holstein cows are subjected to high temperatures, milk production generally decreases. The cow is more sensitive to heat stress as milk production increases, produc- ing a larger amount of metabolic heat (Vasconcelos and Demetrio, 2011) . Selection for milk production reduces the thermoregulatory capacity of dairy cows and may further increase the susceptibility of these to heat stress, decreasing milk production and reproductive efficiency.
Determining whether the animal is in a stressful environment is crucial for physiological efficiency and economic exploitation (Scholtz et al., 2011) .
Temperature variations affect the production and quality of milk. According to Gabbi et al. (2013) , heat stress affects the physiological condition of the animal and can alter the characteristics of milk produced, including reducing stability. This perception is critical for analyzing the characteristics affecting milk production. Gaughan et al. (2008) state that (Table S1 ).
climate change is perceived as a major threat to the survival of many species and ecosystems, as well as affects the financial sustainability of pastoral systems in various parts of the world, particularly in developing countries. Holsteins are of European origin and showed higher genetic values under more temperate conditions, particularly in the southern region of the country. Two hypotheses support this observation: i) farmers in more temperate regions have better selection for milk and/or ii) genetic evaluation could not remove all environmental effects. Both theories require further study, but it is known that in states such as Paraná, the Breedersꞌ Association is more structured, farmers are better informed, and there is more intense selection for milk production.
In general, the clusters formed by type traits were not efficient (Table 3) , whereas the percentage of correct classification in each cluster was higher for milk production. The values used for spatialization were adjusted according to the genetic value of the animal. Of the population studied, approximately 10% of cows were born through artificial insemination using imported semen. Thus, in theory, the environment should not influence the distribution of genetic value of these animals. The other 90% was born through natural service or locally acquired semen. Milk production is the most important factor considered when purchasing semen or choosing a bull for natural service. One factor that may have affected the distribution was that farmers in environments more appropriate for milk production buy more expensive semen with higher genetic value for this trait.
In terms of type classification, each group of features behaved differently; however, in general, animals with lower genetic values were found in poorer environments and the animals faced a greater number of challenges. Animals with higher genetic values within each section were found in areas with better environmental conditions (higher Normalized Difference Vegetation Index, higher rainfall, lower temperature range). Animals with better legs and feet were found in areas with higher altitude. This may reflect the slope of the region where animals were selected for these features, as these traits are important for the health and longevity of animals in the herd. Pérez-Cabal et al. (2006) found a positive relationship between the genetic value for feet and legs and milk production. Additionally, these regions are generally colder and have a lower temperature range. An anomaly was observed for the final score, where animals with better scores were related to lower revenue and worse environmental conditions. The explanation may be that larger animals have a lower breeding value for milk production but better general conformation. Campos et al. (2012) showed that selection for final score should not increase milk production because of the low correlations between these characteristics. Onyiro and Brotherstone (2008) found that the breeding system affected scores for linear type, which is in accordance with the present results, as differences were observed among environments for type traits and milk production.
CONCLUSION
Breeding values for type traits and milk production differed according to environmental factors such as rainfall and temperature, indicating that these factors influence the distribution of genetic values of dairy traits within Brazil. These environmental factors should be studied further to increase the understanding of the environmental effects on type traits and milk production in Holsteins in Brazil.
